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(57) ABSTRACT

To provide a defect inspection apparatus for inspecting
defects of a specimen without lowering resolution of a lens,
without depending on a polarization characteristic of a defect
scattered light, and with high detection sensitivity that 1s
realized by the following. A detection optical path 1s branched
by at least one of spectral splitting and polarization splitting,
a spatial filter in the form of a two-dimensional array 1is
disposed aiter the branch, and only difiracted light 1s shielded

by the spatial filter 1n the form of a two-dimensional array.

14 Claims, 15 Drawing Sheets
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METHOD AND APPARATUS FOR
INSPECTING DEFECTS

CLAIM OF PRIORITY

This application 1s a continuation of application Ser. No.
12/423,902, filed on Apr. 15, 2009, now U.S. Pat. No. 8,203,
706, which claims the benefit of Japanese Application No.
2008-106579, filed Apr. 16, 2008, 1n the Japanese Patent
Office, the disclosures of which are incorporated herein by
reference.

BACKGROUND OF THE INVENTION

The present invention relates to a defect inspection method
and a defect inspection apparatus that uses this, and more
specifically, to a defect mspection method for detecting
defects of a minute pattern formed on a substrate through a
film process that 1s typified by a semiconductor manufacture
process and a manufacture process of tlat panel display, for-
eign materials, etc. and a defect inspection apparatus that uses
this.

As a conventional apparatus for detecting defects of a
specimen, there 1s a patent of International Publication WO
2003/083560. This ispection apparatus 1s equipped with a
dark field detecting optical system that detects scattered light
on a water by 1lluminating the water surface slantingly with a
light of a single wavelength. Diffracted light from a periodic
pattern coming into this optical system 1s shuelded by a spatial
filter disposed at a rear side focal point position (an exit pupil
position). As this spatial filter, a configuration that uses a
liquad crystal filter conformed to ultraviolet rays 1s shown.

Various patterns are formed on the semiconductor wafer
and kinds of defects have also great varieties according to
generation causes. In the optical dark-field detection system,
a laser 1s used as a light source, which provides an 1llumina-
tion light of a single wavelength.

However, with the light of the single wavelength, there 1s
the case where the scattered light can hardly be obtained from
the defect depending on optical constants of a defective mate-
rial and the shape and structure around the defect. As one
example, although a silicon oxide film 1s used as an electric
insulation film of the patterns that are stacked, an optically
transparent oxide film generates thin film interference; there-
tore the intensity of the scattered light will vary depending on
its film thickness. Because of this phenomenon, the scattered
light becomes extremely small with a film thickness condi-
tion of weakeming light rays and becomes undetectable. As a
countermeasure against this, the number of 1llumination
wavelengths 1s increased to a plural number. By this modifi-
cation, even under a film thickness condition under which the
amount of detected light 1s 1nsuflicient with a single wave-
length, a probability of being able to secure the amount of
light necessary for defect detection at the other wavelength(s)
1s 1ncreased.

In this way, although 1t 1s possible to improve a capture
ratio of defects with i1llumination of a plurality of wave-
lengths, the diffracted light from the periodic pattern, such as
the memory cell part, has a different position of a diffracted
image for each wavelength because a diffraction angle is
expressed by a function of wavelength. FIG. 3 shows a sche-
matic diagram of the diffracted image when the periodic
pattern 1s illuminated by the illumination lights of wave-
lengths A, A, (A, 1s arelatively short wavelength) (hereinafter
referred to as a A, light and a A, light). This diagram 1s a
schematic diagram of the diffracted image formed at an exit
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image (diffracted light) 410 of the A, light, and FI1G. 3B shows
a diffracted image (diffracted light) 430 of the A, light. The
diffracted image 410 occurs in a direction of peI‘IOdICIty of the
pattern. An example of FIGS. 3A, 3B, and 3C 1s an example
ol the diffracted image of a pattern that 1s formed periodically
in two directions 1ntersecting at right angles.

As means for shuelding these diffracted images, there 1s a
technique of shielding the image by fitting a light shielding
belt 420 to a pitch of the diffracted image. When lights of two
wavelengths A, A, are simultaneously cast for 1llumination,
regarding the diffracted images actually detected, the two
diffracted images of wavelength A, A, are detected at the exit
pupil 400 of the objective lens. Because of this, the number of
the diffracted images becomes large as shown 1n FIG. 3C. IT
these 1mages are intended to be shielded, the number of the
light shielding belts will become large and an aperture ratio of
the exit pupil will lower. Since this leads to lowering of
substantial resolution, there 1s a problem to be solved that
contrast of a minute defect decreases and defect detection
sensitivity lowers.

In addition, when the liquid crystal filter 1s used as the
spatial filter, 1t 1s necessary that the scattered light 1s filtered so
as to become a linearly polarized light and alignment of the
liquad crystal 1s electrically controlled to make 1t perform
optical rotation. It becomes possible to control the transmiut-
tance of the light that 1s transmitted through a polarizing plate
disposed on an 1image plane side depending on the amount of
this optical rotation.

However, the polarization state of the scattered light
changes according to a shape, a structure, a matenal, etc. of
the pattern and the defect. Therefore, 11 the scattered 1s filtered
so as to become a linearly polarized light one the object side
(waler side) of the liquid crystal, 1n the case where the defect
scattered light 1s polarized 1n a direction perpendicular to a
filter transmission axis, the scattered light of the defect will be

shielded and accordingly 1t will become impossible to detect
the defect.

SUMMARY OF THE INVENTION

Provided 1s a method for detecting the defects of a speci-
men with a circuit pattern formed on 1t, where lights of a
plurality of wavelengths are illuminated onto the specimen
slantingly, scattered and diffracted light from the pattern and
the defect are captured by an objective lens, the diffracted
light for a periodic pattern 1s shielded by a spatial filtering
device 1n the form of an array, light that was not shielded 1s
subjected to branching by at least one or more of spectral
splitting and polarization splitting, and 1mages are detected
on 1mage planes of the respective optical paths that were
branched in the above and are processed to determine a defect
candidate.

Moreover, the spatial filtering device 1s a group of optical
shutters each using a liquid crystal or double refection ele-
ment or of optical shutters each using MEMS, and has a
structure 1n which the optical shutters are arranged 1n the form
of a two-dimensional array and that can electrically control
transmitted light of the device.

It 1s characterized by using a reflection type DMD as the
spatial filtering device and utilizing polarization for branch-
ing the incident light to the DMD and the reflected light after
the filtering.

Moreover, it 1s characterized by that the spatial filtering
device 1s a liquid crystal tunable filter in which Lyot filters are
arranged one-dimensionally or two-dimensionally.
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Moreover, it 1s characterized by that a light source for
illuminating a specimen 1s a lamp, or a plurality of lasers, or
a laser that emits laser beams of a plurality of wavelengths.

Moreover, it 1ds characterized by that defect determination
1s performed using plural kinds of images that differ {from one
another 1n at least one condition of the wavelength condition
and the polarization condition; when the defect candidate 1s
determined by comparison processing of the plural kinds, a
determination result and the image that was subjected to
determination processing are stored; and regarding the image
that was not determined as a defect, then 1mage 1n the 1den-
tical space as 1n the defect candidate 1s stored, a feature
quantity of the image 1n the i1dentical space but under a dii-
terent condition 1s computed, and the defect determination or
sorting 1s performed again.

According to the present invention, 1t 1s possible to
improve a capture ratio of defects by stably detecting scat-
tered light to be detected that varies according to a shape, a
structure, and a material of the defect with an 1llumination of
a plurality of wavelengths.

Moreover, also 1n the case of the illumination with lights of
a plurality of wavelengths, inspection sensitivity 1s improved
by shielding the difiracted light of a normal pattern while
suppressing lowering of an aperture ratio of a detection opti-
cal system and thereby detecting the scattered light of minute
defects efficiently.

Further, 1n the case where the polarization state of scattered
light differs from others depending on a defect kind, 1t 1s
possible to improve the capture ratio of defects by performing,
spatial filtering without shielding the scattered light of the
defect.

These and other objects, features and advantages of the
invention will be apparent from the following more particular
description of preferred embodiments of the invention, as
illustrated in the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a diagram showing an outline configuration of an
optical system shown 1n this first embodiment;

FIG. 2 1s a diagram showing an outline configuration of an
inspection apparatus shown 1n this first embodiment;

FIG. 3A 1s a schematic diagram of a diffracted image

formed at an exit pupil of an objective lens when a periodic
pattern 1s 1lluminated by an 1llumination light of a wavelength
Ay

FIG. 3B 1s a schematic diagram of a diffracted image
tormed at the exit pupil of the objective lens when the periodic
pattern 1s 1lluminated by an 1llumination light of a wavelength
i, and an explanatory diagram of the diffracted image and
spatial filtering at the exit pupil position;

FIG. 3C 1s the diffracted image that 1s detected at the exit
pupil of the objective lens when the periodic pattern 1s 1llu-
minated simultaneously by the illumination light of a wave-
length A, and the 1llumination light of a wavelength A.,;

FIG. 3D 1s a diagram showing one example of a spatial
filter whose filtering pattern can be changed to a suitable one
during inspection according to the pitch and shape of a pattern
on a wafer:

FIG. 4A shows an example in which a liquid crystal filter
500a 1s used as a spatial filtering device;

FIG. 4B shows a structure of the two-dimensional spatial
filter utilizing an electro-optic efiect;

FIG. 4C shows a structure of a two-dimensional spatial

filter 500c using a MEMS;
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FIG. 4D 1s a diagram showing a configuration of one pixel
of the MEMS in which pixels are arranged 1n the form of atwo
dimensional array;

FIG. 5 1s a diagram showing an outline configuration of a
two-dimensional array liquid crystal tunable filter;

FIG. 6 A shows a spectral transmission characteristic under

a condition that allows a A, light to be transmuitted;
FIG. 6B shows a spectral transmission characteristic under

a condition that allows a A, light to be transmuitted;

FIG. 6C shows a spectral transmission characteristic under
a condition that allows both the A, light and the A, light to be
transmitted:

FIG. 6D shows a case where the two-dimensional array
liquid crystal tunable filter 1s used as the spatial filter;

FIG. 7 1s a diagram showing the outline of an optical
system shown 1n this fourth embodiment;

FIG. 8 A shows an azimuth of the illumination light relative
to the water and a defimition of polarization of the i1llumina-
tion light;

FIG. 8B defines a direction of a transmission axis of an
analyzer;

FIG. 8C shows an amount of analyzer transmitted light of
pattern scattered light when Y-direction 1llumination 1s per-
formed by S-polarization illumination and P-polarization
illumination:

FIG. 8D shows the amount of the analyzer transmitted light
of the pattern scattered light when the S-polarization and
P-polarization illuminations are performed using the 45-de-
gree azimuth 1llumination;

FIG. 9A shows a plan view when the Y-direction 1llumina-
tion with the A, light and the 45-degree azimuth 1llumination
with the A, light are performed simultaneously at spatially
separated positions on the water;

FIG. 9B shows a plan view when the Y-direction 1llumina-
tion with the A, light and the 45-degree azimuth 1llumination
with the A, light are performed at spatially separated positions
on the wafer by the S-polarization relative to the water;

FIG. 10 1s a diagram showing an outline configuration of an
optical system that will be shown 1n this fifth embodiment;

FIG. 11 1s adiagram showing an outline configuration of an
optical system using a retlection type two-dimensional array
spatial filter;

FIG. 1215 adiagram showing an outline configuration of an
optical system that will be shown 1n this seventh embodiment;

FIG. 13 1s a diagram showing an optical characteristic of a
spectral transmission filter;

FIG. 14 1s a diagram showing disposition of a spectral
transmission filter unait;:

FIG. 15 1s a diagram showing an outline configuration of
the spectral transmission filter unit;

FIG. 16 1s a diagram showing an outline configuration of an
optical path difference compensation unit;

FIG. 17A shows a layout of the waler and a die;

FIG. 17B 1s a diagram showing a state in which memory
mat parts in the die are formed 1n the form of a matrix and
peripheral circuits are formed between them;

FIG. 17C 1s a diagram showing a state where an 1llumina-
tion width 1n a stage scan direction 1s narrowed; and

FIG. 18 15 a flowchart showing a procedure of optimization
of condition.

DESCRIPTION OF THE PR.
EMBODIMENTS

(L]
Y

ERRED

Hereafter, embodiments will be described in detail using
drawings.
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First Embodiment

FIG. 1 shows a configuration of an apparatus for detecting
defects of a specimen according to the present invention. A
pattern 2 1s formed on a water 1 and a defect 3 exists on the
pattern 2. The water 1 1s 1lluminated by an 1llumination opti-
cal system 3 of a plurality of wavelengths (in this embodi-
ment, two wavelengths A, A,) that 1s disposed slantingly
relative to the water 1. For a light source 7 used 1n an 1llumi-
nation optical system 5, lights ranging from DUV (Deep
Ultraviolet) lights to the visible lights such as: mercury lamps
emitting the d line (588 nm), the ¢ line (546 nm), the g line
(436 nm), the h line (405 nm), and the 1 line (365 nm); a
second harmonic 532 nm laser of YAG; a third harmonic (355
nm) or fourth harmonic (266 nm) laser; and a 199 nm laser.
Among them, lights of two wavelengths (A, A,) are cast on
the water 1 for i1llumination from the illumination optical
system. Among pieces of light scattered by the pattern 2 and
the defect 3, light that propagates to an objective lens 10
within 1its NA (Numerical Aperture) 1s captured by the objec-
tive lens 10 and forms a diffracted image at a rear side focal
(an exit pupil) position of the objective lens 10. A spatial filter
20 1s disposed at this rear side focal point position or its
conjugate position, and diffracted light from the periodic
normal pattern 2 1s shield. The light that i1s transmitted
through the spatial filter 20 1s branched to optical paths by a
dichroic mirror 25 depending on 1ts wavelength. The light of
a wavelength A, (hereinafter referred to as the A, light) that
was transmitted through the dichroic mirror 25 forms an
image ol the wafer 1 on an 1mage sensor 100 through an
image formation lens 30. On the other hand, the light of a
wavelength A, (hereinafter referred to as the A, light) that
reflected dichroic mirror 25 forms a scattered image on an
image sensor 110 though an image formation lens 35.

FIG. 2 shows a configuration of an mspection apparatus
using this optical system. The water 1 1s mounted on a stage
4 of the inspection apparatus, which performs 0 alignment
between the pattern 2 formed on the water 1 and the stage scan
direction. A dark field image of the water 1 enables an image
of the scattered light to be detected continuously while the
stage 4 1s being scanned at a constant speed in the X-direction.
As a light source, a laser 8 that emits a laser beam of a specific
wavelength A, (e.g., the third harmonic 355 nm of YAG) 1n a
wavelength band from DUV (Deep Ultraviolet) to UV lights
1s used, and an outputted laser beam of a wavelength A, (A,
laser beam) reflects on a mirror 201 and on a dichroic mirror
205. Moreover, a A, laser beam outputted from a laser of a
wavelength A, that emits the A, laser beam (e.g., the second
harmonic 532 nm of YAG) different from that of the laser 8 of
a wavelength of A, 1s transmitted through the dichroic mirror
205, and propagates on the same optical axis as that of the A
laser beam. The laser beams of two wavelengths A, A, retlect
on a mirror 207, are transmitted through a 12 wave plate 210,
and are branched to two optical paths by a half mirror 220
with small wavelength dependency. The A, A, lights that
reflected on the half mirror 220 reflect on a mirror 270
equipped with a mirror position control mechanism 260, and
are transmitted through a 2 wave plate 280 and a 4 wave
plate 290. These wave plates 280, 290 converts the lights to a
predetermined S/P circularly polarized lights to the water 1 or
lights 1n mntermediate polarization states between them. The
lights come incident on a lens 295 and illuminate the watfer 1
in the shape of a strip with 1ts longitudinal side lying in the
Y-direction.

On the other hand, the A,, A, laser beams that were trans-
mitted through the haltf mirror 220 are transmitted through a
/4 wave plate 225, reflects on a mirror 230, retlect on a mirror
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250 equipped with a mirror position control mechanism 240,
and illuminate the water 1 through a lens 253 1n the shape of
a strip with 1ts longitudinal side lying 1n the Y-direction. The
mirror position control mechanisms 240, 260 can control
mirrors that are attached to each of them 1n height and angle,
and make 1t possible to control elevation angles from which
the waler 1 1s 1lluminated, respectively. Although, 1n this
embodiment, simultaneous illumination from two directions
of X and Y using the half mirror 220 was described as the
embodiment, an embodiment 1 which only i1llumination
from the X-direction 1s done by removing the half mirror 220
out of the optical path and also an embodiment 1n which
1llumination from the Y-direction 1s done by disposing a mir-
ror that reflects all instead of the half mirror 220 are concetv-
able.

Further, 1n this embodiment, although the illuminations
whose azimuths lie 1n the X- and Y-directions, respectively, 1s
shown, a form 1n which 1llumination 1s made from an azimuth
shifted from the Y-axis, for example, by 45 degrees or 20
degrees 1s concervable as a modification of this embodiment.
In addition, 1t becomes possible by using a dichroic mirror
instead of the half mirror 220 to perform an 1llumination
whose wavelength 1s different for each illumination azimuth.
A reason of changing the 1llumination elevation angle and the
illumination azimuth 1s to provide a function of setting a
condition advantageous to inspection according to the defect
and pattern that becomes an inspection object because a scat-
tering distribution 1s different according to directionality of
the defect and pattern, a shape of the defect, and unevenness
(e.g., a foreign material taking a shape of a convexity 1n the
Z-direction and a scratch taking a shape of concavity). The
scattered light from the defect 3 or the pattern 2 forms a
scattered 1mage on the image sensor 100 with the light of a
wavelength A, thatis transmitted through a dichroic mirror 32
alter through the objective lens 10, the spatial filter 20, and the
dichroic mirror 32. A scattered image by the light of a wave-
length A, that reflected on the dichroic mirror 23 1s formed on
the image sensor 110. The detected image 1s inputted into an
image processing section 300, which compares 1t with an
image of an 1dentical design pattern, for example, an image of
an adjacent die, and detects the defect 3. Defect information,
such as coordinates, dimensions, and brightness of the
detected defect, 1s sent to a control section 320. Then the
inspection apparatus user 1s enabled to make the apparatus
display the defect information, such as a defect map on the
waler, and to make 1t output defect information data.

Moreover, the control section 320 1s also equipped with a
function of performing operation instruction of the inspection
apparatus, and gives 1nstructions of operations to a mecha-
nism control section 330, which controls operations of the
stage 4 and an optical system mechanism control section 340.
As a spatial filter that this optical system uses, there are a
micro shutter array that utilizes an electro-optic effect of the
double retraction element (LiINbO,, PLZT, etc.) and filters 1n
the form of a one-dimensional array and in the form of a
two-dimensional array each of which uses a liqud crystal
filter and an MEMS (Micro Electro Mechanical Systems), as
embodiments. In these devices, since transmission/shielding
of the light can be switched by electrical control athigh speed.,
it becomes possible to changeover the filtering pattern to a
suitable one according to the pitch and shape of the pattern 2
on the water 1 during the inspection. FIG. 3D shows 1ts form.
A two-dimensional spatial filter 500 1s disposed on the rear
side focal plane (an exit pupil plane) or at its conjugate posi-
tion of the objective lens 10 where the diffracted image 1s
formed. A setting of shielding a pixel 510 of the two-dimen-
sional spatial filter 500 at a position at which the diffracted
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image 1s formed 1s made. By this setting, an aperture ratio of
the exit pupil becomes larger than shielding of diffracted
images 410, 430 made by a light shielding belt 420 shown 1n
FIG. 3C, and therefore lowering of the resolution of the
optical system can be suppressed.

Second Embodiment

FIG. 4A shows an example in which a liquid crystal filter
500a 1s used as a spatial filtering device. Only the linearly
polarized light corresponding to a transmission axis of a
liquad crystal filter incident light 150 1s transmitted through a
first polarizing plate 155. In a TFT (Thin Film Transistor)
substrate 160, an impressed voltage of an 1llumination elec-
trode 180 1s controlled to change alignment of a liquid crystal
170 that 1s sealed 1n between two orienting films 165, 175.
This configuration makes it possible to control the transmiut-
tance of the filter transmitted light that 1s transmuitted through
a second polarnizing plate 1835 according to the alignment of
this liquid crystal 170. This liquid crystal filter 500a 1s such
that pixels are arranged in the form of a two-dimensional
array, and the transmittance of the light can be controlled for
every pixel 505.

FIG. 4B shows a structure of a two-dimensional spatial
filter 5005 that utilizes the electro-optic effect. Regarding the
incident light 150, 1ts linear polarization component 1s trans-
mitted through the first polarizing plate 155, and comes inci-
dent on a double refraction material 172 that has the electro-

optic effect, such as PLZT (abbreviation of (Pb, La) (Zr,
11)O,) and LiNbO,. This double refraction material 172 1s
such that pixels are arranged 1n the form of a one-dimensional
or two-dimensional array, which makes 1t possible to control
an oscillating direction of the linearly polarized light having
entered according to the impression voltage of the electrode
tformed for each pixel, and accordingly to change the trans-
mittance of the second polarizing plate 185.

FIG. 4C shows a structure of a two-dimensional spatial
filter 500c¢ using the MEMS. The MEMS has pixels that are
arranged 1n the form of a two-dimensional array, and 1n every
pixel 506, a shielding part 507 shown i1n FIG. 4D and an
clectrode 508 are formed. Impression of a predetermined
voltage to the shielding part 507 and the electrode 508 causes
the shielding part 507 to fall on the electrode 508 side by the
action of electrostatic capacity, which makes 1t possible to
transmit the incident light. For this reason, it becomes pos-
sible, by controlling the impressed voltage to the shielded part
507 and the electrode 508, for open/close states of the
shielded part 507 to be switched and for transmission/shield-
ing of the incident light to be controlled on a pixel basis.

Third Embodiment

With the two-dimensional spatial filter shown in FIG. 3D
and FIG. 4, the pixel 510 to be shielded 1s shielded for the
lights of two wavelengths A, A,. However, since positions of
the diffracted lights of wavelengths A,, A, do not coincide
with each other, the pixel on which the diffracted image of a
wavelength A, 1s formed shields only the A, light, and the
pixel on which the diffracted image of a wavelength A, 1s
formed shields only the A, light; therefore, a substantial aper-
ture becomes larger.

FI1G. 5 shows an example in which a two-dimensional array
liquid crystal tunable filter 5004 that 1s formed by arranging
liquad crystal tunable filters LCTF’s (Liquid Crystal Tunable
Filter) using a principle of the Lyot filter in the form of a
two-dimensional array 1s used as the spatial filter. When the
lights of wavelengths A, A, come 1ncident on a first polariz-
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ing plate 550, the two lights become the linearly polarized
lights, enter the wave plate 5335, and are given a phase differ-

ence between them. Ina TFT (Thin Film Transistor) substrate
560, by making alignment of a liquid crystal 575 sealed 1n
between an orienting film 570 and an orienting film 580 be
switched, lights that are transmitted though a transparent
clectrode 585 and a second polarizing plate 590 are detected.
This configuration enables transmission/shielding to be con-
trolled by selecting a wavelength.

FIG. 6 A shows a spectral transmission characteristic using
a condition that allows the A, light to be transmitted. FIG. 6B
1s a spectral transmittance under a condition that allows the A,
light to be transmitted, and FI1G. 6C 1s the same characteristic
under a condition that allows both the A,, A, lights to be
transmitted. FIG. 6D shows a state when the two-dimensional
array liquid crystal tunable filter 5004 1s used as the spatial
filter. By adopting an optical condition in which each light 1s
shielded at a pixel corresponding to a position at which the
diffracted images 410, 430 of the A, A, lights are formed, 1t
becomes possible to shield the A, light and to allow the A,
light to be transmitted, for example, and accordingly it
becomes possible to suppress unnecessary shielding of the
aperture.

Fourth Embodiment

Since the spatial filter shown 1n FIGS. 4A, 4B and FIG. 5
needs the incident light to become a linearly polarized light, a
polarizing plate 1s disposed on the incidence side thereotf. The
scattered light from the defect that will be an object of detec-
tion has a polarization characteristic and 1ts polarization state
changes depending on the kind of the defect. For example,
there occur phenomena that when the defect 1s i1lluminated
with the linearly polarized light, the scattered light may
become an elliptically polarized light and that the major axis
of an ellipse may rotate (optical rotation).

For this reason, when only specific polarization 1s detected,
there will be a possibility of overlooking defects because the
defect scattered light 1s shielded. Because of this, there 1s an
optical system for preventing the overlooking even when the
spatial filter 500 shown i FIGS. 4A, 4B and FIG. 5 1s used.
FIG. 7 shows a configuration of 1t. A polarizing beam splitter
15 1s disposed 1n the detection optical path, aiming to split the
light 1into two pieces of linearly polarized light. The detection
system 1s divided for the two optical paths and the spatial
filters 500 are disposed 1n the respective optical paths. This
realizes a configuration capable of detecting the scattered
light from various defects without shielding it. Dichroic mir-
rors 25a, 25b are disposed in the respective optical paths to
perform spectral splitting and image sensors 100aq, 110aq,
1005, and 1105 are disposed 1n the respective optical paths to
detect scattered images.

Incidentally, a 14 wave plate 11 attached with a rotation
function 12 and a 2 wave plate attached with a rotation
function 13 are disposed between the objective lens 10 and
the polarizing beam splitter 15. This operation will be
explained using FIG. 8. FIG. 8A shows definitions of an
orientation of 1llumination light and polarization of the 1llu-
mination light to the wafer 1. An 1llumination light 130a
illuminates the watfer 1 from the Y-direction slantingly. An
insert 140a shows a cross section of this 1llumination light,
being perpendicular to 1ts optical axis. Taking the S-polariza-
tion relative to the water 1 as a reference, 11 the polarization
(the oscillating direction of an electric field vector) rotates
clockwise by 90 degrees, 1t will become P-polarization 1llu-
mination. The oscillating direction of polarization in the case
of S-polarization 1llumination becomes as shown by an 1nsert
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135a. On the other hand, when an illumination azimuth
rotates by 0,, the oscillating direction of the S-polarization of
an 1llumination light 1305 becomes as shown by an 1nsert
135b6. FI1G. 8B defines a direction of the transmission axis of
an analyzer (a polarnizing plate disposed in a detection optical
path on which the objective lens 10 captures the scattered
light). This diagram 1s a plan view seen from the image sensor
100a side assuming that the analyzer 1s set on a transmission
side of the polarizing beam splitter shown 1n FIG. 7. The
X-direction being considered as a reference of the analyzer
transmission axis, an angle by which the analyzer (in the
example of FIG. 7, the polarizing beam splitter 15) 1s rotated
clockwise 1s designated by 0,. FIG. 8C shows an amount of
analyzer transmitted light of pattern scattered light 1n the case
where the pattern 1s 1lluminated by the S-polarization and the
P-polarization in the Y-direction 1llumination. Regarding the
scattered light from the pattern 2 that 1s parallel or perpen-
dicular to the X- and Y-directions, its transmitted light
becomes maximum 1n the S-polarization 1llumination with an
analyzer rotation angle 0, set 0 degree, and becomes mini-
mum 1n the P-polarization illumination with the same ana-
lyzer rotation angle. Moreover, the amount of the transmaitted
light becomes minimum 1n the S-polarization 1llumination
with the analyzer rotation angle 0, set to 90 degrees, and
becomes maximum 1n the P-polarization 1llumination.

On the other hand, in the case where the 1llumination light
1306 coming from the 0, azimuth (in this example, 45
degrees) shown 1n FIG. 8A 1s the S-polarization, the amount
ol the transmitted light becomes maximum when the analyzer
rotation angle 0, 1s equal to 0, (in this example, 45 degrees).
By the P-polarization illumination, the amount of the trans-
mitted light becomes minimum with the same analyzer rota-
tion angle. For this reason, even when the same S-polarization
illumination to the water 1 1s used, i1f the 1llumination azimuth
1s different, an angle at which the amount of the transmitted
light of the analyzer becomes maximum or mimmum will be
different. Brightness variation of the transmitted light of the
pattern caused by LER (Line Edge Roughness) of the pattern,
a minute difference of a shape thereof, grain on the surface,
and film thickness varnation of an interlayer insulating film
that do not effect criticality for the semiconductor device
becomes a sensitivity hindrance factor (noise light) 1n detect-
ing the defects. These noise lights have the same characteris-
tics as those of FIGS. 8C and 8D. For this reason, when the
S-polarization 1llumination 1s performed from the Y-direction
relative to the water 1 in the configuration of FIG. 7, 1t 1s
possible for the S-polarization reflected on the polarizing
beam splitter 15 to minimize the scattered light and the noise
lights from the pattern parallel to or perpendicular to the X-
and Y-directions (disposition of the analyzer to establish a
cross Nicol state). On the other hand, defects have various
directions, and regarding polarization of the defect scattered
light, S-polarization that reflects on the polarizing beam split-
ter 15 does not necessarily cause the minimum. For this
reason, the retlected light (S-polarization) of the polarizing
beam splitter 15 has a small amount of reflected light of noise
light, and an amount of reflected light of the defect scattered
light increases. Therelfore, a scattered 1mage by S-polariza-
tion that reflected on the polarizing beam splitter 15 becomes
a high S/N 1mage that 1s advantageous to defect detection.
Incidentally, 1t may occur that the P-polarization being trans-
mitted through the polarizing beam splitter 15 (deposition of
the analyzer so as to be 1n a parallel Nicol state) yields high
S/N depending a shape, a kind, and a material of the defect.
For this reason, by detecting simultaneously each of images
that are analyzed in conditions of the cross Nicol state (reflec-
tion) and of the parallel Nicol state and determining the
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defects, 1t becomes possible to improve a capture ratio of the
defects existing on the water 1.

However, when the Y-direction changes to a direction away
from the Y-direction by 45 degrees 1n FIG. 7 and FIG. 8 A, the
analyzing directions of the cross Nicol state and the parallel
Nicol state change, respectively, even with the same S-polar-
1zation 1llumination relative to the water 1. For this reason, by
disposing a 2 wave plate 14 attached with the rotation func-
tion 13 between the objective lens 10 and the polarizing beam
splitter 15 and controlling a rotation angle, even when the
illumination azimuth changes, the 2 wave plate 14 1s rotated
so that the parallel/cross Nicol state 1s established without
rotating the polarizing beam splitter.

Moreover, 1n the 45-degree azimuth 1llumination, as shown
in FI1G. 8D, aratio (a,/b,; ellipticity) of a maximum amount of
the transmuitted light b, and a minimum amount of transmuitted
light a, of the analyzed light becomes larger than a ratio o' b,
and a, shown in FIG. 8C. Therefore, polarization of the pat-
tern scattered light has a comparatively large ellipticity. In
such a case, since noise light cannot be suppressed suili-
ciently 1n the cross Nicol state, the rotary mechanism 12 1s
used to control rotation of the a2 wave plate 11 so that it may
converts the elliptically polarized light into a linearly polar-
1zed light. This enables the high S/N 1mage to be detected with
noise light suppressed, which results 1 1mprovement of
defect detection sensitivity.

Fifth Embodiment

FIG. 9A shows a plan view of an 1llumination in the case
where a Y-direction illumination 130a with the A, light and
the 45-degree azimuth 1llumination 1305 with the A, light are
performed simultaneously at spatially separated positions on
the water 1. It 1s configured so that the Y-direction illumina-
tion 130aq may be the S-polarization illumination relative to
the water 1, and for the 45-degree azimuth 1llumination 1305,
its projection vector to the water 1 may become parallel to the
S-polarization of the Y-direction illumination 130. For this
reason, the polarization of the 45-degree azimuth 1llumina-
tion becomes intermediate polarization between the S- and
P-polarizations relative to the water 1. In this case, since the
scattered lights of two-direction illumination lights 1304,
13056 agree with each other 1n the oscillating direction of the
polarization that establishes the cross Nicol state, 1t 1s pos-
sible to detect scattered images in the cross Nicol state and 1n
the parallel Nicol state for both the Y-direction and 45-degree
azimuth 1lluminations in the configuration using the polariz-
ing beam splitter 15 shown 1n FIG. 7.

On the other hand, as shown 1n FIG. 9B, 1t may occur that
the defect detection sensitivity can be improved by both the
Y-direction illumination 130q of the A, light and the 45-de-
gree azimuth 1llumination 1306 of the A, light 1lluminating
the water 1 by the S-polarization relative to the water 1. Under
a simultaneous 1llumination condition using these two azi-
muths, such a detection that each 1llumination azimuth estab-
lishes the cross Nicol state cannot be performed with the
configuration shown 1n FIG. 7. For this reason, a configura-
tion of the optical system such that each 1llumination azimuth
establishes the cross Nicol state 1s used. FIG. 10 shows this
optical system. The dichroic mirror 25 allows the A, light to
be transmitted through 1t and reflects the A, light. A spatial
filter 5004 1s disposed in the optical path of the A, light that 1s
transmitted, and 1s equipped with a 14 wave plate 720a, a %>
wave plate 725a, and a rotary mechanism 750q that rotates
them independently and fixes these positions. Using these
rotatable Y4 wave plate 720a and Y2 wave plate 7234, a con-
dition whereby the detected scattered light becomes in the
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cross/parallel Nicol state relative to a polarizing beam splitter
730a or an mtermediate analyzing condition that realizes
higher S/N 1s set up. The image sensors 100aq, 110a are
disposed on respective 1image planes of the lights that were
branched by the polarizing beam splitter 730a by polarization
splitting, and two kinds of analyzed dark field images that are
tormed by the A, light are detected. Similarly, for the A, light
that reflected on the dichroic mirror 25, a spatial filter 5005, a
Ia wave plate 7200, a /2 wave plate 7255, a rotary mechanism
7500, and a polarizing beam splitter 73056 are disposed, and
image sensors 1005, 1105 are disposed on the respective
image planes. With the above techniques, 1t becomes possible
to detect four kinds of images that differ in 1llumination
azimuth, wavelength, and polarization.

Sixth Embodiment

FIG. 11 shows a configuration of the optical system that
uses a reflection type spatial light modulator utilizing a DMD
(Digital Micromirror Device) 1n the form of a two-dimen-
sional array as the spatial filter. The scattered light captured
by the objective lens 10 1s transmitted through the 14 wave
plate 11 attached with the rotary mechanism 12 and the %3
wave plate attached with the rotary mechanism 13 and comes
incident on the polarizing beam splitter 15. A P-polarization
component that was transmitted through the polarizing beam
splitter 15 becomes a circularly polarized light by a 4 wave
plate 18a, and comes 1ncident on a reflection type spatial light
modulator 332a that 1s disposed at the rear side focal point
position or 1ts conjugate position of the objective lens 10. The
reflection type spatial light modulator 5332a 1s such that an
individual mirror plane slants by electric control, and when
the diffracted hght from a water-like pattern 1s intended to be
shielded, the mirror becomes slant to diverge the diffracted
light out of the optical path. The mirror plane is set so that
light that 1s intended to be detected may come 1incident on the
mirror perpendicularly with the mirror being not slanted, and
the reflected light propagates on the same optical path as the
optical path on which the incident light propagated in the
reverse direction. The light that 1s transmitted through the Y4
wave plate 18a again becomes S-polarization relative to the
polarizing beam splitter 15, and reflects on 1t. The reflected
light comes 1ncident on an 1image formation lens 30a and the
dichroic mirror 25a. On the image planes of the A, light
having been transmaitted through the dichroic mirror 2354 and
the A, light having reflected thereon, the image sensors 100a,
110a are disposed, respectively, and the dark field images are
detected.

On the other hand, the S-polarization that comes ncident
on the polarizing beam splitter 15 from the objective lens 10
side and reflects there becomes the P-polarization relative to
a second polarizing beam splitter 16 with a 12 wave plate 17,
and 1s transmitted through the polarizing beam splitter 16.
This light becomes the circularly polarized light with a V4
wave plate 185, and a retlection type spatial light modulator
532b reflects only the diffracted light that 1s not intended to be
detected out of the optical path to effect the shielding. The
light becomes the S-polarization again with the 14 wave plate
185, and reflects on the polarnizing beam splitter 16. Further,
on the 1mage planes of the A, light having been transmitted
through the dichroic mirror 256 and of the A, light having
reflected thereon, the image sensors 1005, 1105 are disposed,
respectively, and the dark field images are detected.

Seventh Embodiment

FI1G. 12 shows a block diagram that 1llustrates a procedure
of processing 1images detected by these 1mage sensors and
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determining the defect. The 1mage detected by the image
sensor 100a 1s subjected to conversion of brightness, e.g., v

correction, at a gray-scale conversion section 301a. One por-
tion of the 1image after the conversion 1s sent to an alignment
section 305a, and other portion 1s sent to a memory section
303a. In the alignment section 305a, the converted 1image 1s
stored 1n the memory section 3034 until the converted image
has the same pattern as that of the already sent image (e.g., the
adjacent die) 1in terms of design, and 1s put into alignment with
the image sent from the memory section 303a. A comparison
section 307a performs comparison processing on a difference
image etc. of the two 1images that were aligned to each other,
and computes a feature quantity of the image as a result of the
comparison. A defect determination section 315 determines a
defect using this feature quantity (e.g., a maximum, an area,
etc. of a gray-scale difference). This series of processings are
similarly performed for each of the image sensors 1005,
110a, and 1105.

Further, a result obtained by performing comparison for
cach 1mage 1s sent to an alignment section 310, which aligns
four 1mages different 1in polarization and wavelength, com-
pares the feature quantities of the images obtained under
these different optical conditions, and sends theses feature
quantities to the defect determmatlon section 315. The defect
determination section 3135 determines the defects. As
described above, the defect determination section performs
the determination using the five kinds of feature quantities. I
the 1mage 1s determined to be the defect by any of the deter-
mination results, 1ts feature quantities 1s sent to a sorting
section 317 together with remaining four kinds of feature
quantities. This sorting section 317 sorts the kinds of defects
(e.g., a foreign material, etching residue, a scratch, etc.) and
pseudo defects (brightness unevenness of an oxide film,
roughness of the pattern, grain, etc. that have no criticality for
a device), and outputs coordinates of defects, a sorting result,
feature quantities, etc.

Eighth Embodiment

Next, a technique of spatial filtering that uses wavelength
selective filters, such as interference filters and sharp-cut
filters, will be explained. FIG. 13 shows two kinds of spectral
characteristics. The spectral characteristic of a A, transmis-
sion filter has a characteristic of cutting the A, light and the
spectral characteristic of a A, transmission filter has a char-
acteristic of cutting the A, light. FIG. 14 has an example of
deposition of the filters having these spectral transmission
characteristics. Both the A, transmission filter 615 and the A,
transmission filter 620 are disposed at the rear side focal point
position o the objective lens being adjacent to each other. The
both transmission filters are positioned so that the A, trans-
mission filter 615 may shield the A, diffracted image 430 and
the A, transmission filter 620 may shield the A, diffracted
image 410.

FIG. 15 shows a schematic diagram of a positional relation
of this diffracted light and the transmission filters when see-
ing the exit pupil of the objective lens projected to a plane.
The A,, A, transmission filters 615, 620 are of a shape of a
strip and the plurality of filters are disposed correspondingly
to the diffracted lights. These transmission filters 6135, 620
have configurations such that positions of the transmission
filters are adjustable, respectively, 1n the case of the A, trans-
mission filter 615, correspondingly to a pitch of the A, dif-
fracted image 430 and 1n the case of the A, transmission filter
620, correspondingly to a pitch of the A, diffracted 1image.
However, the optical paths of the light being transmaitted
through the A, transmission {filter 615 and the light being
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transmitted through something other than the transmission
filter bring about an optical path difference that depends on a
refractive index difference of the filter 6135 and air and the
thickness of the filter. Therefore, the image formed on the
image plane deteriorates.

FIG. 16 shows this countermeasure. In a spectral transmis-
sion filter unit 630, the A, transmission filter 615 and the A,
transmission filter 620 are disposed. An optical path ditfer-
ence correction liquid 631 of the almost same refractive index
as the refractive indices of these filters 1s filled up in the
spectral transmission filter unit 630, and reduces the optical
path difference of the filter transmitted light and lights other
than 1t.

Ninth Embodiment

FIG. 17A shows the wafer 1 and a layout of a die 770. As
shown 1n FIG. 7B, memory mat parts 780 are formed 1n a
matrix manner in the die 770, and a peripheral circuit part 790
1s formed between them. A waler scanning direction 800 at
the time of the inspection 1s assumed a right-hand side, and a
field of view at this time 1s designated as 810. At this time,
paying attention to part A of the memory mat edge, since the
spatial filtering 1s performed at the rear side focal point posi-
tion, diffracted images of the memory mat part 780 and the
peripheral circuit part 790 1n the field of view are detected as
being overlapped. In this case, when the spatial filter 1s set so
that the diffracted light of the memory mat part 780 may be
shielded, the diffracted light from the peripheral circuit part
810 whose pattern pitch 1s different from that the memory mat
part 780 will not be shielded, and defect detection perior-
mance of the peripheral circuit part 810 will lower. As a
countermeasure against this, there 1s a form in which an
illumination width L in the stage scan direction shown in FI1G.
17C 1s made narrower. Expressing the stage scan speed by V
mm/s and a switching response frequency of a light shielding
part of the spatial filter by R Hz, the 1llumination width L in
the stage scanning direction 1s setto V/R or less. For example,
when V: 1000 mm/s and R: 100 kHz (e.g., the electro-optic
elfect of LiNbQO,) are set, the 1llumination width L. becomes
10 mm. If the 1llumination width 1s narrowed smaller than this
width 10 mm, the filtering that corresponds to each of the
memory mat part 780 and the peripheral circuit part 790 at a
boundary part of the both can not be done because of a
switching speed of the spatial filter.

Moreover, even if the 1llumination 1s performed with the
i1llumination width L narrowed further, there will be no prob-
lem 1n terms of the spatial filtering. However, since the inten-
sity of 1llumination on the water 1 will become higher, 1t will
pose a problem of damages on the wafer 1. For this reason,
illumination widths ranging from 10 mm to a minimum line
width that provides an illumination intensity giving no dam-
age are suitable illumination widths L. By this, 1t becomes
possible to lower a ratio by which the memory mat part 780
and the peripheral circuit part 790 overlap each other 1n a
width direction 1n the field of view of detection and to detect
the scattered image to which two kinds of the diffracted light
are shielded, respectively, by switching a spatial filter condi-
tion by which the diffracted light of the memory mat part 1s
shielded even at an edge ol the memory mat part a spatial filter
condition by which the diffracted light from the peripheral
circuit part 1s shielded even at an edge of the peripheral circuit
part. The above enables the wafer to be inspected with high
sensitivity even on the boundary between the memory mat

part 780 and the peripheral circuit part 790.

Tenth Embodiment

FIG. 18 shows a technique of optimization of condition by
which a condition of the spatial filter 1s determined. The
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apparatus places the pattern that 1s intended to shield the
diffracted image 1n the field of view, takes in a pupil 1image,
detects a position of the diffracted light from the taken-in
image, and determines the light shielding part. A condition
whereby a pixel of the spatial filter corresponding to the
position at which the determination 1s made 1s shielded 1s set
up. The pupil 1image 1s captured again, and a quality determi-
nation of the setup state as to whether there 1s no leak of the
diffracted light 1s performed. If 1t 1s determined not good, the
flow returns to the setting of the liquad crystal filter. It 1t 1s
determined good, another inspection condition 1s setup, a test
ispection and sensitivity adjustment are performed, and the
optimization of condition 1s ended.
Incidentally, 1n the case where a plurality of pattern pitches
ex1st 1n the same water and shielding conditions of the spatial
filter are intended to be set up for respective pitches, the
spatial filter 1s set up for the each pattern pitch. In this case, the
setup conditions of the spatial filter 1s switched 1n an instance,
1.¢., within responsibility of 10 ms or less, based on coordi-
nates of the wafler 1 1n an actual inspection. Moreover,
although being omitted in FIG. 14, the setup of the spatial
filter needs to be performed for every wavelength. Although
various combinations are conceivable about the configura-
tions, the functions, and the contents of image processing that
were shown 1n the above embodiments, 1t 1s evident that those
combinations are within the scope of the present invention.
The mvention may be embodied in other specific forms
without departing from the spirit or essential characteristics
thereof. The present embodiment 1s therefore to be consid-
ered 1n all respects as illustrative and not restrictive, the scope
of the invention being indicated by the appended claims
rather than by the foregoing description and all changes
which come within the meaning and range of equivalency of
the claims are therefore mtended to be embraced therein.
What 1s claimed 1s:
1. A method that detects defects of a specimen, comprising
the steps:
illuminating the specimen surface with a plurality of 1llu-
mination lights each having a different wavelength;

detecting a plurality of 1mages by detecting a plurality of
scattered lights each having a different wavelength con-
dition or polarization condition from a predetermined
region of the specimen surface 1lluminated by the 1llu-
mination lights;

image-processing each of the plurality of images that were

detected,

wherein the image-processing step provides a first process-

ing step and a second processing step;

the first processing step calculates a plurality of feature

quantities by processing each of the plurality of images
and calculates defect candidates to the each of the plu-
rality of images by processing the each ofthe plurality of
feature quantities; and

the second processing step sorts kinds of the defect candi-

dates calculated using the plurality of images in the first
processing step when at least one of the defect candi-
dates 1s calculated from the plurality of images 1n the
first processing step,

wherein a plurality of images are detected by detecting a

plurality of scattered lights each having a different wave-
length condition and spatial filtering condition 1n the
detecting step.

2. The method that detects defects of a specimen according
to claim 1,

wherein 1n the first processing step the defect candidates

are computed by a difference image of the images
detected 1n the detecting step.
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3. The method that detects defects of a specimen according,
to claim 1,

wherein the feature quantities computed 1n the first pro-
cessing step are a maximum or an area ol gray-scale
difference of the images.

4. The method that detects defects of a specimen according,

to claim 1,

wherein kinds of defect candidates computed 1n the first
processing step using all of the plurality of the images
are sorted 1n the second processing step when at least one
of defect candidates 1s computed from the plurality of
images 1n the first processing step.

5. The method that detects defects of a specimen according,

to claim 1,

wherein the defect candidates computed 1n the first pro-
cessing step are sorted into actual defects or pseudo
defects 1n the second processing step.

6. The method that detects defects of a specimen according

to claim 5,

wherein the actual defects are foreign maternal, or etching
residue, or a scratch, and

the pseudo defects are brightness unevenness of the oxide
f1lm, or roughness of the pattern, or grain that have no
criticality for a device.

7. The method that detects defects of a specimen according,

to claim 1,

wherein coordinates of defect candidates computed 1n the
first processing step are outputted 1n the second process-
ing step.

8. An apparatus that detects defects of a specimen, com-

prising;:

an 1lluminating section that illuminates the specimen sur-
face with a plurality of illumination lights each having a
different wavelength;

a detecting section that detects a plurality of images by
detecting a plurality of scattered lights each having a
different wavelength condition or polarization condition
from a predetermined region of the specimen surface
illuminated by the illumination lights;

an 1mage-processing section that processes each of the
plurality of images that were detected,

wherein the image-processing section provides a first pro-
cessing section and a second processing section;

the first processing section calculates a plurality of feature
quantities by processing each of the plurality of images
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and calculates defect candidates to the each of the plu-
rality of images by processing the each o the plurality of
feature quantities, and

the second processing section sorts kinds of the defect
candidates calculated using the plurality of images in the
first processing step when at least one of the defect
candidates 1s calculated from the plurality of images 1n
the first processing section,

wherein a plurality of images are detected by detecting a
plurality of scattered lights each having a different wave-
length condition and spatial filtering condition 1n the
detecting section.

9. The apparatus that detects defects of a specimen accord-

ing to claim 8,

wherein in the first processing section the defect candidates
are computed by a difference image of the images
detected 1n the detecting section.

10. The apparatus that detects defects of a specimen

according to claim 8,
wherein the feature quantities computed 1n the first pro-

cessing section are a maximuim or an area of gray-scale
difference of the images.
11. The apparatus that detects defects of a specimen
according to claim 8,
wherein kinds of defect candidates computed in the first
processing section using all of the plurality of the images
are sorted 1n the second processing section when at least
one of the defect candidates 1s computed from the plu-
rality of 1mages 1n the first processing section.
12. The apparatus that detects defects of a specimen
according to claim 8,
wherein the defect candidates computed 1n the first pro-
cessing section are sorted into actual defects or pseudo
defects 1n the second processing section.
13. The apparatus that detects defects of a specimen
according to claim 12,
wherein the actual defects are foreign matenal, or etching
residue, or a scratch, and
the pseudo defects are brightness unevenness of the oxide
film, or roughness of the pattern, or grain that have no
criticality for a device.
14. The apparatus that detects defects of a specimen
according to claim 8,
wherein coordinates of defect candidates computed in the
first processing section are output 1n the second process-
ing section.
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